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ABSTRACT
This senior project discusses the design and construction of a solar operated gate. A solar
panel is used to charge a battery, and then an inverter is used to run a garage door opener
off the battery. The garage door opener operates a short lever arm which is connected to a
longer lever arm which is connected to the gate. Each component and mounting
mechanisms were designed and built to effectively provide the gate opening function.
The finished product operates well, the gate opens in about 8 seconds after the button is
pressed on the remote controller or wall mount entry.
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The university makes it clear that the information forwarded herewith is a project
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INTRODUCTION
Background
Gates are in use all over the world to keep things and people in or out. Some gates have
sophisticated automatic opening systems with features that include things like remote
operation, allowing the user to open the gate with the push of a button. As people get
older they tend to slow down and lose the mobility that allows them to jump from their
vehicle and open a gate. In addition, gates are often located on the edge of one’s property,
which can make it difficult to run power to these locations, especially on large properties.
Solar power is a viable energy source to operate a gate that is used only a few times a
day.
Justification
Elderly people living in the backcountry on large sections of property usually have it
fenced off with a lockable gate at the entrance to keep livestock in and keep poachers and
other wanderers out. One solution to make the lives of these people easier is to install an
automated control system to not only open their gate but also lock it. Various
configurations of springs, hydraulic cylinders, solar powered motors and remote
operation systems have been explored to find a practical solution to remotely open, close
and lock a gate with ease from a vehicle. There are many gate opener kits available to
buy but most of them that run off of solar power have very slow opening time, yielding
the remote operation nearly useless.
Objectives
A remote operated system will be installed onto an existing swing gate. The gate will
open in under ten seconds with a 16 mph wind load and can be operated at least ten times
a day. The gate includes an access keypad/key for PG&E and the local Fire Department.
The gate will be completely battery powered with a solar charger and not attached to an
electrical grid.
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LITERATURE REVIEW
Solar Panels
Solar energy is a good way to provide power for systems very far from conventional
electrical sources. The latest in technology of solar panels are amorphous silicon solar
panels, which have multiple layers of thin solar cells to specialize in different parts of the
solar spectrum. These solar cells provide a higher efficiency and reduced material costs
since they are thinner than the conventional crystalline solar panels (Solar Panels, 2005).
The automated gate opener must be able to run off a self-sufficient power source since
the gate location is difficult to access with wired electricity. According to BP Solar, the
solar panel in Figure 1 offers improved efficiency through the use of advanced
polycrystalline cells with SiN coating and a 12V nominal output, making it ideal for
battery charging applications.

Figure 1. BP Solar Panel
Electric Motors
A direct current (DC) motor would be ideal since it eliminates the need for an inverter
and prevent potential losses that occur across an inverter. A service factor of at least 1.15
applied to the motor torque is required when sizing an electric motor under 200 hp to
prevent overheating (Penton, 2011). A garage door opener that runs on alternating current
(AC) is a more practical alternative because it has a built in remote controller and is easy
to find replacement parts for if anything fails. It does require an inverter to run off a
battery charged by the solar panel.
Remote Operation
Common remote operation systems such as those found on car alarms and garage door
opener are radio transmitters and the radio receiver is located inside the car and garage
respectively. Recent day transmitters and receivers change the signal on each use varying
over billions of different transmissions making them difficult to hack (Brain, 2011).
Remote operated gate opener kits do not specify how long it takes to open or close the
gate. Therefore, after viewing several YouTube videos of the different kits people have
installed and tutorial videos showing how to install the openers, none open in under ten
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seconds. In fact, most of them open in 15 seconds or as much as 25 seconds
(Redfoxridge, 2009 & Mighty Mule installation videos, 2011).
Wind Load
In order to size the motor to open the gate, the torque required to open the gate must be
determined. The major forces affecting the required torque to open the gate are the
weight of the gate and a potential wind load. The following formula is used to determine
the drag force produced by the wind on specific areas of the gate (Wind Powered
Generators, 2011).


   ∗  ∗



∗

∗



(1)

The drag force of each area is converted into a torque using the corresponding radius.
Fire Department Gate Requirements
No gate may be installed across a required fire department access road or driveway
without prior
approval from the local fire agency. A detailed plan shall be submitted for review and
approval prior to commencing any work.
a. Security gates equipped with electronic control devices shall have an approved fire
department override key switch, and shall allow operation of the gate during power
outages. Forms for ordering fire department approved key switches and padlocks can
be obtained from the local fire agency.
b. Manual locking mechanisms (e.g., padlocks) shall be approved by the Fire Code
official.
c. All manually operated gates shall be designed to remain in the open position when left
unattended. Activation of an approved key switch for an electronically controlled gate
shall open the gate and cause it to remain in the open position until reset by emergency
response personnel.
d. When open, gates shall not obstruct any portion of the required width of the driveway
or access road, shall be adequately supported to prevent dragging, and shall be
operable by one person. Sliding gates shall slide parallel to the security fence. Swingstyle gates shall open a full 90 degrees (minimum) and may swing in either direction.
Contact your local fire agency for setback distance.
e. Gate components shall be maintained in operable condition at all times and be replaced
or repaired when defective (CFC, 2009).
Electric Safety Code
According to the National Electrical Code Article 690.10 Stand-Alone Systems. The
premises wiring system shall be adequate to meet the requirements of this Code for a
similar installation connected to a service. The wiring on the supply side of the building
or structure disconnecting means shall comply with this Code except as modified by
690.10(A) through (E).
Cost
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According to GateCrafters.com, their single swing gates range in price from $195 to
$1459 base costs, excluding shipping, tax, etc. The cheaper of these gate openers are the
Mighty Mule brand and can be found on several different websites or retail stores. These
gates are sized based on gate length and/or gate weight, but they offer no information of
gate opening time. Some of the smaller models say they can operate with 7 amp hour
batteries with a 5 watt solar panel charging it, but they don’t indicate how many times the
gate can be operated.
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PROCEDURES AND METHODS
Design Procedure
First, the dimensions of the gate were measured to determine the surface area subject to a
wind load. Hourly wind speed data was obtained from the CIMIS (California Irrigation
Management Information Station) website for station 202 located in Nipomo, CA from
May 2010 to June 2011 (CIMIS, 2011). The maximum peak hourly wind speeds were
15.5 mph (24.9 km/hr) found in the months of November, December and January, and
average daily wind speeds did not exceed 8 mph (12.9 km/hr). The drag force equation
was used to determine the resulting wind load based on the surface area of the gate,
which creates a torque on the gate hinge.


Where:

   ∗  ∗
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=
=
=
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Assuming an air density of 3.6 x 10-6 lb*s2/in4 (1.2 kg/m3) and an air drag coefficient of
Cd = 1.3 since the gate is a pipe gate.
A spreadsheet was set up using the central difference method to determine the required
motor power to open the gate, see Appendix B for spreadsheet details.
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Goal seek was used to set the final displacement to desired angle by changing the angular
acceleration. Then the power required among each interval was determined, and the
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maximum value dictated the size of the motor. Since the max power determined was
about 0.37 hp a 0.5 hp motor was chosen. On the spreadsheet with the central difference
analysis the amp hour usage per interval was calculated and summed to determine the
amp hour usage per gate cycle (gate opening and closing). It was calculated that one gate
cycle would use about 0.048 amp hours, so 100 cycles would use about 4.8 amp hours.
To size the battery a close look was taken at the efficiency losses in the system. The max
power calculated to be used at 1/10 second intervals is about 273 Watts. According to
Figure 2 the inverter efficiency should be about 85%.

Figure 2. Inverter Efficiency graph from spec. sheet (BP Solar, 2007)
Next the gate swing angle was calculated measuring the distance of the point furthest
from the hinge at fully opened and at fully closed. Knowing the length of the gate and the
measured distance the law of cosines was used to find the swing angle.
A desired opening time of 7.5 seconds was chosen and a central difference analysis was
run with time intervals of 0.1 seconds. Displacement (in degrees and radians), angular
velocity, angular acceleration, gate torque, horse-power and watt usage where calculated.
A ½ hp garage door opener was selected as the motor for the system. With this data, a 12
volt, 92 amp-hour lead acid battery was sized and chosen. A 30 watt, 12 volt solar panel
was chosen based on solar radiation data from the CIMIS website for station #202 giving
the minimum hours of sunlight per day. The charge controller and 300 watt inverter were
then chosen to match the requirements of the battery and solar panel.
A wiring diagram (see Appendix D) was designed including the minimum requirements
for fuses specified by each component. Wire diameter was determine using the
Agricultural Wiring Handbook, based on the voltage, current and predicted max wire
length.
Part drawings for every component were drawn up on SolidWorks (see Appendix C). The
approximate location of each post was determined and updated once each post was set.
Then a 2-D sketch in SolidWorks was used to determine the lever arm lengths and
locations as seen in Figure 3.
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Figure 3. Lever arm length determination from bird’s eye view of model
Since the position of the gate connector piece is set at a constant distance from the pivot
point of the gate and the fully open and fully closed positions of the gate are known (from
field measurements) a line can be drawn from each point and extended to where the
gearbox should be located. The two levers will go from fully extended to overlapping at
the two extremes so the desired fully extended length and the distance from the gearbox
center pivot point to the fully closed gate connection position were measured. With these
two values a system of two equations and two unknowns (length of the two lever arms)
was derived and solved.
H( + H4 = 51.05
H( − H4 = 9.47
Where:

H( = Hℎ,     =   ℎ    G
H4 = Hℎ,     =   ℎ ℎ   G

Solving:
H( = 30.26 ℎ
H4 = 20.79 ℎ

(6)
(7)
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A 2-D DXF file was created using AutoCAD 2011 for the short lever arm so it can be cut
out on the CNC Plasma cutter in BRAE shop 6 using ½” steel plate. For the long lever
arm a detailed part drawing was created in SolidWorks and a 3/8-24 male threaded heim
joint was purchased from McMasterCarr.com so minor adjustments to the length of the
long lever arm can be made for calibration.
It was decided to connect the garage door opener to a 10:1 gear box via a 2.5:1 chain
connection (8 tooth sprocket on the garage door opener and 24 tooth sprocket on the gear
box) resulting in a 25:1 speed reduction in the garage door opener. This allows for one
cycle of the garage door opener to rotate a lever arm 180 degrees in about 7.5 seconds,
using the limit switches on the garage door opener to adjust the time and revolutions
simultaneously. A Mohr’s circle calculation was done to size the shaft diameter of the
gearbox (see Appendix B).
Based on theoretical calculations done using the central difference analysis as seen in
Appendix B, the gate operate 20 cycles (opening and closing is one cycle) on about one
amp hour of the battery. The battery is labeled to have 92 amp hours of power but after
energy losses through the system and temperature are considered the gate should still be
able to cycle several hundred times before the battery runs out of power.

Construction Procedure
Steel was purchased from B&B steel in Santa Maria and a small piece of tubing was later
purchased from McCarthy’s steel in San Luis Obispo. A 4x6 treated post was purchased
from Brisco’s hardware for the gate to mount on. A railroad tie was scavenged from an
abandoned fence on the property. A steel pipe was scavenged from the junk pile on our
property. Concrete bags were purchased from Home Depot. A metal toolbox was
purchased from ACE hardware to house the battery, charge controller and inverter. The
solar panel, battery, charge controller and inverter were purchased online from
www.mrsolar.com. The 10:1 gearbox, 24 tooth sprocket, and 1 1/8” shaft coupler were
purchased from www.surpluscenter.com. A 6”x6”x4” lockable metal box was purchased
from www.automationdirect.com to house the keypad and emergency open button. A 3/824 male heim joint was purchased from www.McMasterCarr.com. Miscellaneous parts
were purchased from Home Depot and Ace Hardware. Receipts can be seen in Appendix
D.
First, all the posts (gate mount, motor mount, gate rest, solar panel post) were set with
concrete mixed by hand in a wheel barrel and a small slab was poured for the battery box
to mount on (Figure 4).
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.
Figure 4. Concrete slab immediately after pouring
Next, the steel was cut and welded in BRAE shop 7 at Cal Poly, making the solar panel
mount, motor mount and lever arms.
Solar Panel Mount. For the fabrication of the solar panel mount the 1 ½” angle iron was
cut to the appropriate lengths with the band saw. Then each piece was deburred and
beveled about 1/8” to ¼” where each weld would go. Next the parts where clamped and
tack welded together; after checking the solar panel would fit each part was completely
welded together with a MIG welder. A three foot piece of 2 inch square tubing with 0.12”
wall thickness was welded to the solar panel mount and slid over an existing 1 ½” pipe. A
5/8” hole was drilled through both the tubing and the existing pipe and a 5/8” bolt with a
hole for a lock was installed to prevent theft. After everything was welded they were
ground flat and the entire assembly was wire wheeled and wiped down with a rag. Once
the assembly was prepared, several coats of primer were applied. The finished solar panel
mount is shown in Figure 5 below.

Figure 5. Solar panel mount
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Motor Mount. First each part was cut to the specified dimension on the part drawings.
Holes were drilled into each part that required them. The part with slotted sections to
attach the garage door opener was milled out on the milling machine in shop 7 using a
5/16” bit. Then the frame was tacked welded together and the garage door opener and
gearbox were test fitted to make sure they would fit. Unfortunately, they didn’t fit on the
first try so some of the parts were cut and extra material was welded and ground to make
each part the appropriate size. Once the frame was tacked and sizes were verified the
frame was welded together and welds were ground down. Next the frame was bead
blasted to remove all rust and welding soot. After that, a few coats of primer were applied
then a few coats of black paint. The assembled motor mount is shown in Figure 6 below.

Figure 6. Motor mount with garage door opener and gearbox mounted.
A cover for the motor mount was built out of 4 sheets of 2’x1’ 16 gauge steel. The parts
were cut with the manual shear in the back of BRAE shop 6 and 90 degree bends were
made with the manual bender. Parts were then tack welded in several spots and welded in
short bits to prevent excessive warping. The cover was then bead blasted, primed and
painted black as seen in Figure 7 below.

Figure 7. Motor mount cover.
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Lever Arms and Connectors. The short lever arm was cut out of ½” steel plate on the
CNC plasma cutter in BRAE shop 6 from an AutoCAD drawing. A 1 1/8” shaft coupler
was cut to 2 ½” long with a band saw and the surface of the cut was turned on the lathe to
make sure it would fit flush onto the lever arm. Next the shaft coupler was centered onto
the short lever arm and tacked in place. The location was then verified and fully welded
in place. The hole for the opposite end was measured, punched and drilled to be 25/64”,
1/64” larger than the diameter of the bolt being used.
The long lever arm was made from 1” steel tubing. On one end a solid steel plug about 1
¼” long with a 3/8”-24 tapped hole was welded into place by drilling 3 holes of ¼”
diameter on each side of the tubing where the plug would go and plugging these holes
with welds. On the other end of the lever arm two opposite sides were cut out 1 ¾” from
the end and 2 ½” lengths of ¼” thick steel cut from extra angle iron. Then a hole was
measured, punched and drilled on that end to 25/64”, the same size as the other lever arm.
The gate connector was made from two pieces of angle iron. One had two slots milled out
with the milling machine to mount it to the gate and allow for minor changes to be made.
The other piece of angle iron had a hole drilled to 25/64” and was welded to the slotted
piece as seen in the part drawings in Appendix C.
After the gate connector and lever arms were completed, they were bead blasted and
painted with several coats of primer, then several coats of black paint (Figure 8).

Figure 8. Lever arms and gate connector as installed.

Testing Procedure
Preliminary testing was done with the garage door opener to determine the speed of
motor in order to size other components such as the gearbox shaft diameter. This was
done by taping a pencil to the gear and counting how many revolutions it made over the
duration of the cycle.
Once all the parts were completed the gearbox was bolted into the tubing frame. Then the
frame was mounted on the post so that the lever arms would be level when attached.
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Next, the garage door opener was mounted to frame. Once all the components were
assembled the opener was tested using a long extension cord with 120 VAC. The limit
switches in the opener were set very tight so there was minimal gate movement; then they
were slowly increased until the gate touched the post and pressed against it slightly to
prevent rattling in the wind. After the garage door opener was calibrated the AC power
cord was cut off and the opener was wired up to the inverter which was connected to the
battery as seen in the wiring diagram in Appendix B. The gate was then tested several
times off using the battery power. The charge controller came with a remote meter which
displays the voltage, amp-hours and a few other things, so the remote meter was used to
check that the battery was operating correctly after several uses. A short video clip of the
gate opening and closing is posted on at the following link.
http://www.youtube.com/watch?v=pf2XCKcesK0&feature=related
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RESULTS
The gate opener is fully operational, with 4 remote controllers programmed to open it,
and a wall mount opener installed inside of a locked box (Figure 9). The gate successfully
opens in approximately 8 seconds from time of button press to fully open. A summary of
the total costs is listed in Appendix D, sorted by place of purchase. The total cost was
$1737.62 for the entire project. If you subtract the cost of the solar components, which
cost over $900 the price is comparable to gate openers available off the shelf, and it
opens quickly and reliably. The gate opener is capable of opening and closing well over
ten times per day.

Figure 9. Lockable box with combination lock for guest entry.
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DISCUSSION
Originally a 79 amp hour battery was chosen but it wasn’t in stock so a larger 92 amp
hour battery was chosen. A smaller one probably should have been chosen, but
uncertainties in power loss and the possibility for use of the battery for other applications
or a larger gate in the future led to the decision to use a larger battery. A 1 amp-hour
battery would theoretically allow about 20 operations according to the calculations.
Nevertheless, energy losses due to keeping the inverter and garage door opener powered
up may drain the battery during days of little to no sunlight.
The lever arms originally designed did not end in the correct position when the gate was
fully opened resulting is excessive rattling. This was probably due to inaccurate
measurements taken of the locations of the posts due to sag in the tape measure. As built
measurements of the lever arm connector and the gearbox where taken and the lever arm
lengths were recalculated. The short lever arm needed to be about 1 inch shorter and the
long lever arm needed to be about 2 inches longer. The gate connector was also moved
slightly closer to the gate pivot point. As a result they were taken back to the shop and
cut/welded to the appropriate lengths. Further testing proved that the lever arms worked
perfectly and the rattling was eliminated.
The overall cost was cheaper than I expected, but it was still more than most off the shelf
gate openers. However, this gate opener opens much faster than off the shelf models and
can be opened and closed many more times even if there is no sun for a few days.
A key pad came with the garage door opener and was originally going to be used to open
the gate for guests without a remote controller. However, the keypad was only
programmed to need the code for one direction of travel and it turns out the way the
garage door opener is configured it would open the gate without the code, but require the
code to close it. Solutions to attempt to switch the direction of the motor electrically were
explored as well as mechanical solutions. One solution would be to reverse the way the
motor is mounted, but this would require building a new cover. Another solution would
be to change the way the motor inside the garage door opener assembly is mounted, but
this would require a lot of work and would likely result in further complications. The
simplest solution that could be determined was to remove the keypad and put a four-digit
combination lock in place of the keyed lock on the box with the wall mount opener that
was already installed as seen in Figure 9.
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RECOMMENDATIONS
Take detailed measurements as much as possible, and make note of measurements that
may need to be slightly oversized to allow to something to fit better. Always double
check wiring and make sure fuses are properly installed before connecting to power.
If a keypad is desired to be used, determine which direction the motor spins
corresponding to “opening” and “closing” on the keypad and design mounting system
accordingly.
Depending on the duty cycle a smaller battery could be chosen. In the calculations seen in
Appendix B, a 39 amp hour battery would still provide a maximum of about 800 cycles.
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HOW PROJECT MEETS REQUIREMENTS FOR THE BRAE MAJOR

Major Design Experience
The BRAE senior project must incorporate a major design experience. Design is the
process of devising a system, component, or process to meet specific needs. The design
process typically includes the following fundamental elements as outlined below. This
project will address these issues as follows.
Establishment of Objectives and Criteria
Project objectives and criteria are established to meet the needs of the elderly. See
“Design Parameters and Constraints” section on the next page for specific objectives and
criteria for the project.
Synthesis and Analysis
The project will incorporate horsepower requirements base using the central difference
analysis, bending and shear stress calculations, logic and wiring diagrams and the
consideration of an alternative gate mounting system.
Construction, Testing and Evaluation
The linkage to the gate and solar panel mount will be designed and constructed. The
entire system will be tested and evaluated for proper functioning.
Incorporation of Applicable Engineering Standards
The project will utilize AISC standards for allowable stresses in material and the National
Electric Code (NEC) for wiring standards.
Capstone Design Experience
The engineering design project must be based on the knowledge and skills acquired in
earlier coursework (Major, Support and/or GE courses). This project incorporates
knowledge/skills from these key courses.
•
•
•

BRAE 129 Lab Skills/Safety
BRAE 152 SolidWorks
BRAE 216 Fundamentals of Electricity
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•
•
•
•
•

BRAE 328 Measurements and Computer Interfacing
BRAE 421/422 Equipment Engineering
ME 211/212 Engineering Statics/Dynamics
CE 204/207 Strength of Materials
ENGL 149 Technical Writing

Design Parameters and Constraints
This project addresses a significant number of the categories of constraints listed below.
Physical
The gate must be able to open in ten seconds or less, must be able to open a 13.5 foot
galvanized steel swing gate. Battery operated with solar panels to keep batteries charged.
Must open from 100 feet away with remote opener.
Economic
Must not exceed a total cost of $4000, 1-2 people must be able to assemble.
Environmental
Less time spent letting car/truck idle while opening/closing gate, reducing emissions.
Sustainability
Completely solar powered with rechargeable batteries to be self-sufficient.
Manufacturability
The system and controls will be adaptable to other gates; it is easy to find replacement
parts for garage door openers.
Health and Safety
Force detection to stop the gate if it hits an obstruction, such as a car or person. Keyed
access for fire department, security box to house electronics. Follow National Electric
Code for safe wiring to prevent electrical shock or fires.
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Ethical
N/A
Social
N/A
Political
N/A
Aesthetic
The finished setup with have a security box for the electrical and a solar panel mount,
painted to match the gate and surroundings.
Other –Usage
The batteries/solar panel must be able to support at least ten uses per day
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DESIGN CALCULATIONS
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DESIGN CALCULATIONS

…
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…

24

Excel Code

…

25

26

Wind load calculation
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Wind load Excel code
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Gearbox Shaft Sizing
Given:
0.5 HP garage door motor

Assume Sy=95ksi
(Table A-21, Shigley material: 4140)
Speed based on counting revolutions and measuring time
Trial 1:
Trial 2:

.S T5U

= 1.54  /

V.V 456
.XV7 T5U
V.Y 456

= 1.56  /

Avg. Speed = 1.55

T5U
456

∗

Y 456

= 93 RPM

Z+,

0.5 HP Garage
Door Opener

#40 – 8 tooth
sprocket

#40 – 20 tooth
sprocket
O.D. = 3.46”

10:1 Gearbox

2”
Load on shaft (P)
19.03”

32.16”

Find: Minimum gearbox shaft diameter
Sol’n:
 %55%2

= 2.5: 1

X %55%2
Sa bcd
\-]+,3^% _5'T9&` = .7

Sprocket ratio =
C=

C=

(77 )∗(ec)

bcd
(77 )∗(.7ec)

= 37.2 \-]

aV. bcd

C = 70.6  − E

-=

V.Y 8%f(9

hi
/1jk

a.gY+,∗

- = 244.8 E
m` =

d6
n

Where:
M=244.8lb*2”
=489.7 in-lb
c = d/2
I=

o∗ 1
Yg
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$`q =

m` =

gSXX
p

rT
s

Where:
T=70.6 ft-lb*12in/ft
r = d/2
J=

$`q =

4314.8
a

o∗ 
a



$Z'` = tu w x + y$`q z
v



$Z'` = 0.4 ∗ q
$Z'` = 0.4 ∗ 95 ~
$Z'` = 38 ~

2494 
4314.8 
$Z'` = {| a } + |
}

a

mZ'` = 0.6 ∗ q
mZ'` = 0.6 ∗ 95 ~
mZ'` = 57 ~

Solve for d using TI-89 or goal seek with excel
38 ~ = tu

gSg 
p

x +u

gag.X 
p

x

Choose 0.75” shaft diameter

→

d = 0.64” using factor of safety = 2.0

Mohr’s Circle

x

$Z'`

$6*

m%5,4+&,

m6&Z3T544+&,

y
$66*
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CONSTRUCTION DRAWINGS
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APPENDIX D

MISCELLANEOUS
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Wiring Diagram
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